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0.7-0.8 um; band 7, 0.8-1.1 wm. Measurements are not only large spectral differences within the image; are responsible for twg types of linear features -- intrusive rocks of the Wrangell Msintains £6 the I i Gnown dineral deposits, the bhek
transmitted to receiving stations on the ground, and but also very subtle differences not usually enhanced types A and B. Type A linear features represent a north (MacKevett, 1976a). types listed previously, and type A linear features Circular Features
the gigzdaig ;?Eiiggzgt}% dlgltlgedﬁ calibrated, and bylother methods. The rssulting image shows gradual worldwide regmatic shear pattern or planetary fracture Linear feature B, with an approximate N. 45° W. are very good (tables 1 and 2) Even though the area £ b h cad? Ay
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Overlap is 10 percent with preceding and following

1973 by the U.S. Department of Agriculture Soil
Conservation Service, using band 7 images generated
without computer enhancement. Study of this mosaic
was conducted at a scale of 1:1,000,000, and the
results transcribed to fit a standard 1:250,000-scale
UTM projection map of the McCarthy quadrangle. Because
of the synoptic perspective and low sun angle, the
mosaic was most useful for identifying linear and

circular features and relating them to regional linear
and circular patterns. Tonal variations signifying
differences in ground color within the quadrangle are
not detectable because the area is completely covered
by snow on the Alaska mosaic.

On the basis of minimal snow and cloud cover,
two Landsat 1 images were selected for computer
enhancement: 1350-20223, taken July 8, 1973; and
1709-20090, taken July 2, 1974. 1In addition to
identifying other linear and circular features not
detected on the Landsat photomosaic, computer-enhanced
imagery is generally most useful for identifying
subtle surficial reflectance variations due to
differences in vegetation, rock types, soil, and other
variables.

CCT's for these two Landsat scenes were processed
by the image processing facility of the U.S. Geological
Survey, Flagstaff, Ariz. Computer-enhancement
techniques were applied using a_Digital Equipment
Corporation, Computer PDP 11/451, yielding computer-
enhanced CCT's, which were then used in an Optronics
Company, Photowrite 1500 System to generate black and
white film transparencies. The black and white

images and ranges from about 14 percent sidelap at the at approximately 1:1,600,000 scale (two different regional tectonics. intersecting the Denali fault system near its : McCarth uadrangle is approximately 120 km in diameter
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latitude. - ) transparencies are then photographically registered Hobbs (1911) was one of the first workers to part of the Hines Creek strand. In the McCarthy of 70) of all the known mineral deposits within this part of the quadrangle, are primarily associated with ) 3005, y . , : REFERENCES CITED
Ana%y31s of Landsat images can be made by various and optically filtered to generate a color transparency discuss rectangular sets of fracture patterns and to quadrangle, this linear feature partially corresponds area is either prospects or mines. Consequently the Paleozoic Kaskawulsh Group of Kindle (1953). 41ffeyent1ate'mora1nal materials, and, in a few places, MAPPED FAULT
methods including 1) the visual interpretation of at the same scale. The color combinations used for relate them on a worldwide basis. He noticed that to the trace of the Totschunda fault svstem. : : : s Circular feature V, in particular, follows much of the identify bedding. The determination of the economic ’
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lThe use of trade names is for descriptive purposes only and does
not constitute an endorsement of these products by the U.S.
Geological Survey.

A black and white image for each individually stretched
band is then produced as a film positive (transparency)

filtered using green for band 4, red for band 5, and
blue for the synthetic blue band. The final product
simulates true color and accentuates subtle color
differences (P.A.0. no. E-457-57CT). :

The third type of computer-enhanced product is
a color ratioed image. Ratioing involves dividing
the DN values of pixels in one spectral band by the
DN values of corresponding pixels in another spectral .
band. The resulting image tends to eliminate variations
in color of a given material due to topographic effects
or shadows. On the other hand, differences in albedo
are reduced, and different materials, easily discrimi-
nated on a standard photographic image, may become
visually identical or similar. Histograms of ratioed
images tend to have a narrow range of DN values. As
a result, this narrow range of DN values is ''computer-
stretched" to fill the entire dynamic range of values,
giving greater variations in color. The type of stretch
is dependent upon the brightness of the area of inter-
est. Effects of noise and atmosphere are greatly
enhanced by ratioing, requiring extra care in the
early computer processing stages. For this study the
ratios are as follows: band®/4, band 7/4, band 6/7.
The quotients were converted into black and white
transparencies that were combined into the. final color

composite product, using red for 7/4, green for 6/7,
and blue for 5/4 (P.A.0. no. E-458-57CT).

2Computer—enhanced color products generated by the U.S. Geological

Survey, Flagstaff, Ariz., are available at nominal cost from:
EROS Data Center, Sioux Falls, South Dakota, 57198. Orders
should include P.A.O. (Public Affairs Office) numbers given
elsewhere in this text. ‘

linear features are related to faults, folds and
fractures that are probably the result of local and

stresses, divides the Earth's crust into blocks of
different size and importance. According to Shul'ts,
fractures, along with faults and folds, can also be
related to local and regional tectonic stresses, which
are generally subordinate to the network of planetary
fracturing and controlled by factors of their own.

For the most part, Hobbs, Vening Meinesz, Sonder,
and Shul'ts have found two orthogonal sets of planetary
fractures or regmatic shear directions, one set
northwest and northeast, and the other set north and
east. In the McCarthy quadrangle, however, we found
three orthogonal sets of type A linear features,
similar to those observed in the Nabesna quadrangle
(Albert, 1975) (figs. 2 and 3). The most prominent
set trends approximately N. 47° W. and N. 48° E.,
while the other sets trend approximately north and
N SSEEFE —and N 72 =illzwand N, 15° E. Sonly the
third set appears to have a different orientation from
the common regmatic shear or planetary fracture
pattern.

Most of the observed type A linear features
corresponding to these three orthogonal sets range
from several tens to several hundreds of kilometres
long. The more north-trending type A linear features
are significantly less continuous and more poorly
developed than those with other orientations.

Northwest-, northeast-, and east-trending type A
linear features exhibit spatial periodicity. Parallel
linear features with any of these trends tend to be
spaced approximately 30-35 km apart. Applying Vogt's
(1974) method for estimating crustal thickness from
the spacing of volcanoes and major fractures, the
spacing of type A linear features in the Wrangell
Mountains, within the McCarthy quadrangle, indicates
a crustal thickness of approximately 30-35 km. This
thickness is somewhat less than gravimetrically
?erived estimates of approximately 45 km by Barnes
1976). .

620 km from the Tanana River, west of Fairbanks, to
the southwest corner of Yukon Territory, Canada,

much deeper magnetic regimes, show a fair correlation
with type A linear features, suggesting that these
linear features are deep seated.

The type A linear features correlate well with
Bouguer gravity anomalies (Barnes, 1976) (fig. 4).

One of the most significant gravity features is the
strong gradient that extends from the northwest

corner to the southeast corner of the quadrangle

and is deflected eastward in the central part of the
quadrangle. We believe that this gravity trend, with
its eastward deflection, is described by northwest-
trending linear features E, F, I, and by east-trending
linear features G and H. Most of the known copper
deposits in the McCarthy quadrangle are within this
zone.

Since the gravity data are primarily regional
in scope, they mostly reflect deep, regional features,
such as changes in type and thickness of crust. We
believe that the type A linear features correlate more
closely with the gravity data than with the aeromagnetic
data and thus infer that at least some are deep,
fundamental features that probably penetrate the
erigl.

The correspondence of known mineral deposits to
type A linear features in the McCarthy quadrangle is
very good (tables 1 and 2). There is a total of 167
known mineral deposits, excluding placers, which have
been subdivided into three groups: 1) mines,

2) prospects, and 3) occurrences (MacKevett and Cobb,
1972; MacKevett, 1976b). Of the 167 known mineral
deposits, 91 (54 percent) are within 1 km of a type
A linear feature. Also, of these 167 deposits, 91
are prospects or mines, 59 (65 percent) of which are
within 1 km of a linear feature. Measurements using
a digital planimeter show that only 35 percent of the
quadrangle is located within 1 km of type A linear

linear feature is only 4 percent of the quadrangle,
42 percent (70) of all nonplacer type known mineral

shorter linear features appear to be related to more
recent tectonic events, whereas longer linear features
(planetary or regmatic fractures) are older structures.
The type B linear features that we plotted as
potential extensions of faults mapped by MacKevett
(1976a) (fig. 6) differ from the linear features

(type A) that are related to the regmatic shear pattern.

Whether or not the linear features actually are
extensions of mapped faults is uncertain. These linear

features have not been observed in the field (MacKevett,

oral commun., 1975) and may be visible only on high-
altitude images. '

Numerous mineral deposits known in the quadrangle
are closely related to faults and fractures (MacKevett,
written commun., 1976), many of which have not been
mapped by MacKevett (1976a). Since we believe that
these type B linear features are possible faults, the
correlation of known mineral deposits with these
features has been extended to include faults mapped
by MacKevett.

Statistical correlations of known mineral deposits
with potential fault extensions or mapped faults are
good (tables land2).Although only 23 percent of the

quadrangle is within 1 km of a potential fault extension

or mapped fault, 72 percent (121) of all nonplacer
mineral deposits in the quadrangle is within this
area. Also, 74 percent (67) of all prospects and
mines is within 1 km of a potential fault extension
or fault. Thus, mineral deposits are 3.1 times more
common, and mines and prospects are 3.2 times more
common, per unit area within 1 km of a potential
fault extension or fault, than in the overall
quadrangle. i

The area occupied by the six mineralogically
favorable rock types that is within 1 km of a potential
fault extension or fault is only 4 percent of the total

are more than 5 km in diameter were plotted in this
study. The largest circular feature observed in the

coloration have been observed in the field (Robinson
and MacKevett, oral commun., 1976), but because of
heavy snow and cloud cover in the imagery, we were
unable to detect all of these areas.

Many of the observed iron-oxide colored areas are
not confined to one rock type-- individual areas can
contain as many as six rock types (table 3). The most
common associations are with Tertiary hypabyssal rocks,
the Wrangell Lava, the Nikolai Greenstone, and the
monzonitic-granitic complex.

The correlation between observed iron-oxide colored

areas and known mineral deposits is fair. Although
these areas occupy only 5 percent of the total area of
the quadrangle, approximately 28 percent (47) of all
mineral deposits and 36 percent (33) of all prospects
and mines are within them. Areas 28, 29, and 30 have
the strongest correlations between mineral deposits
and iron-oxide coloration (table 3).

Correlations between the observed iron-oxide
colored areas and aeromagnetic data is poor. Only
areas 28, 29, and 30 appear to have any relation to
aeromagnetic anomalies. These areas are close to
significant magnetic highs that are attributed by Case
and MacKevett (1976) to the Nikolai Greenstone and the
Chitina Valley batholith.

Only one notable correlation between observed
iron-oxide colored areas and gravity data is evident
in the quadrangle. Areas number 19 through 23
correspond to a significant gravity high in the central
part of the quadrangle that may be related to a
subsurface body of high-density material.

Geologic features other than iron-oxide colored
areas are visible on the computer-enhanced Landsat
images. We believe that we are able to differentiate
alluvial grain sizes, define alluvial boundaries, locate
areas of possible near-surface bedrock in the alluvium,
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?magery. Thus, whereas undiscovered mineral deposits
in the McCarthy quadrangle cannot be identified solely

. by Landsat imagery, using it in combination with

geologic, geochemical, and geophysical data helps to
delineate areas with favorable potential for mineral

deposits.
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Figure 6.—Map of type B linear features (potential fault extensions) observed on Landsat imagery of the McCarthy quadrangle with mapped faults (MacKevett, 1976a).




